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division in which sister
chromatids separate. 
The difference between the
reductional first meiotic division
and the equational second
division (and the similarly
equational mitotic divisions)
depends on the protein products
of a number of genes [18], none of
which was investigated by
Ramesh et al. [16]. Until at least a
few of those genes are located,
the possibility remains that the
recombination genes are
functional in an unusual meiosis,
or perhaps a primitive precursor
of meiosis. One can even imagine
that the recombination between
homologues is not followed by a
reduction division at all.
Ramesh et al. [16] also found
recombination genes in the
genomes of several other
organisms for which meiosis is
unknown — the amoebozoan
Entamoeba, the microsporidian
Encephalitozoa, and the
trypanosomatids Leishmania
major and L. donovoni — or
suspected from genetic grounds
but not demonstrated
cytologically — Trypanosoma
brucei [19].
Even if a canonical meiosis is
demonstrated in Giardia, we will
still need to know how diploidy is
restored. This could take place
between nuclei from two different
individuals (outcrossing) or from
the same individual (selfing). The
distinction is crucial, because
outcrossing is far more effective in
producing new recombinant
genotypes and breaking down the
linkage disequilibria that retard
natural selection. Two subspecies
of Trypanosoma brucei appear to
differ in this respect [20].
Evidently, molecular methods
can only take us so far. If genome
searches show that an organism
contains a set of genes sufficient
to carry out the important stages
of meiosis, we can use this result
to locate the origin of meiosis on
the eukaryotic tree. But before the
organism can be used to study
the evolutionary significance of
sex, and before we can
understand its population genetic
structure and epidemiology, we
need to know whether the
organism is outcrossing. This will
require a combination of genetic
and cytogenetic studies, such as
using transfected markers to track
nuclei with fluorescent in situ
hybridization, and to select
recombinants. Population genetic
analyses are required to
determine the extent of
outcrossing. Modern molecular
genetic and optical methods
should make all of this feasible.
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Dermatologists always
recommend we should take care
to avoid too much exposure to
sunlight. Besides sunburn, which
rapidly causes a red skin
response and skin peeling, there
is a clear risk of a late and more
devastating effect: skin cancer,
including malignant squamous
cell carcinoma and melanoma.
This advice is especially valuable
because depletion of the
stratospheric ozone layer has
increased the incidence of
ultraviolet (UV) wavelength,
Skin Cancer: Lights on Genome
Lesions
Sunlight generates skin damage mainly by inducing DNA lesions in
epidermal cells. The recent development of transgenic mice
expressing specific photolyases has identified cyclobutane pyrimidine
dimers as the major player in ultraviolet-induced damage, including
skin cancer.
particularly UVB, at the earth’s
surface. This highly energetic light
reaches the exposed areas of our
skin, damaging the genome of the
keratinocytes, the vital stem cells
of the epidermis. 
The UVB component of sunlight
generates two major
photoproducts in DNA:
cyclobutane-pyrimidine dimers
(CPDs) and 6-4 pyrimidine-
pyrimidone (6-4PPs). Both DNA
lesions disturb fundamental
cellular processes, such as DNA
replication and RNA transcription,
and one longstanding question is
their relative roles as primary
agents of skin injuries by sunlight.
This matter is critical for the
development of strategies to
prevent human skin cancer, and
the elegant report of Jans and
colleagues [1] in this issue, using
specific photolyase transgenic
mice, provides evidence that CPDs
are responsible for most of the
harm UVB does to the skin, with 6-
4PPs playing a minor role, if any.
Photolyases and Mice
Photolyases are proteins that
remove UV-induced lesions from
DNA by simple reversion to the
original pyrimidine monomers, in a
light-dependent reaction [2].
These enzymes are substrate-
specific, removing exclusively one
type of lesion, CPD or 6-4PP.
Although photolyases are
conserved through evolution,
placental mammals lack them,
and depend on a dark repair
mechanism known as nucleotide
excision repair (NER). 
Judith Jans et al. [1], and
previously Wouter Schul et al. [3],
engineered mice expressing
either CPD-photolyase from the
rat kangaroo Potorous tridactilus,
or 6-4PP-photolyase from the
plant Arabidopsis thaliana, or
both. After demonstrating
efficient photorepair by
heterologous proteins, the
authors used these mouse
models to dissect the precise
roles of each of these lesions
after UV-irradiation of mouse
dermal fibroblasts or of skin from
the depilated back of these
animals (Figure 1).
Wouter Schul et al. [3] showed
that photorepair in
CPD-photolyase mice promotes
efficient reduction of the acute
effects normally observed after
long exposure to sunlight:
sunburn (erythema), edema and
epidermal thickening
(hyperplasia). This reduction
correlated well with the removal
of CPDs, implying that these
lesions are the main cause of
acute UVB skin effects. Jans et
al. [1] have extended these
findings by using mice that
express CPD- and/or 6-4PP-
photolyases, enabling them to
discriminate the consequences of
CPDs versus 6-4PPs. 
UV-irradiation of fibroblasts
results in the inhibition of
transcription, probably because of
blockage by DNA damage, and
cell death. Photorepair in cells
expressing CPD-photolyase
prevents most of this inhibition of
transcription and increases cell
resistance to UV-light, while
photo-removal of 6-4PPs in cells
expressing only 6-4PP-photolyase
does not result in any recovery.
These data confirm previous
reports with CPD-photolyase
transgenic cells indicating that
CPDs are efficient blocks to RNA
polymerase II-driven transcription,
and that this may trigger
apoptosis [4], while providing
further evidence that 6-4PPs have
no effect on these processes.
Apoptosis of keratinocytes
(sunburn cells) and epidermis
thickening (hyperplasia) were also
investigated directly in the
depilated skin of UVB-irradiated
mice. In contrast to the strong
protection observed in mice
expressing CPD-photolyase [1,3],
the rapid photoreactivation of 6-
4PPs did not prevent any of these
symptoms. 
The relative contributions of
CPDs and 6-4PPs to UVB
mutagenesis was also analyzed
through the use of a LacZ-
reporter target gene and by the
immunochemical detection of
mutated p53 proteins in clusters
of preneoplastic epidermal cells
(‘p53 patches’). Again, CPD
removal by photoreactivation
strongly protected mice from
UVB, while the photorepair of 6-
4PPs had a minimal protection
impact. These results confirm
previous mutagenesis studies in
mouse cells expressing either
CPD- or 6-4PP-photolyase genes
[5], and indicate CPDs are
responsible for most of UVB’s
acute skin effects and mutation
induction.
Finally, to address the causes of
long-term carcinogenesis, UVB
treated photolyase mice were
investigated for the identification
of tumors. Strikingly, all animals
that did not express photolyase
developed one or more skin
carcinomas 5 months after
irradiation, while tumor yield in
mice that had the CPDs removed
by photolyases remained close to
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Figure 1. Photorepair responses after UV irradiation in transgenic mice expressing
CPD- or 6-4PP-photolyase.
The more relevant results are indicated for for the in vitro — mouse dermal fibroblasts
(pink boxes) — and in vivo — mouse skin (green boxes) treatments [1].
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zero. In contrast, photorepair of 6-
4PPs did not result in a significant
reduction of tumor yield and
incidence, clearly revealing that
CPDs trigger the development of
skin cancer and 6-4PPs are not
involved in tumorigenesis.
DNA Lesions, Repair and Human
Diseases
Although CPDs are three-fold
more frequent than 6-4PPs in UV-
irradiated DNA [6], 6-4PPs
promote more severe structural
distortions of the double-helix,
efficiently block DNA metabolism
and have been previously
associated to toxicity and
mutagenesis [7,8]. So the
apparently minor role of 6-4PPs
demonstrated in the photolyase
mice was not expected.
The mouse experiments were
performed in a DNA-repair-
proficient background, NER
possibly aiding the elimination of
6-4PPs from the genome before
they can cause any harm.
Actually, in mammalian cells,
CPDs and 6-4PPs are differently
repaired by two distinct NER
subpathways: transcription-
coupled repair, which
preferentially removes lesions
from the transcribed strand of
active genes, and global genome
repair, which acts on the rest of
the genome [9]. In human cells,
close to 100% of 6-4PPs are
eliminated by global genome
repair, 4 hours after UV, while only
about 50% of CPDs are repaired
from the genome [10]. 
In rodent cells, the difference in
repair kinetics is more
pronounced: 6-4PPs are rapidly
removed, while CPDs are repaired
almost exclusively by
transcription-coupled repair, 80%
of these lesions still being present
in the genome even a few days
after irradiation [11]. Therefore,
the lack of UVB acute skin effects,
mutagenesis and carcinogenesis
in CPD-photolyase mice may
simply be due to the rapid dark
repair of 6-4PPs (Figure 2).
Xeroderma pigmentosum (XP),
Cockayne syndrome (CS) and
trichothiodystrophy (TTD) are
human genetic disorders
associated with NER defects [12].
Patients present a variety of
clinical features, including
photosensitivity, premature
ageing and predisposition to skin
cancer, a trait restricted to XP
patients. A few reports have
compared the contributions of
CPDs and 6-4PPs to the UV-
induced effects on cells from
these patients, with results
markedly different from those
presented by Jans et al. [1]. In
cells mutated in the XPA gene,
entirely deficient in the repair of
both lesions, expression of CPD-
photolyase led to only partial
recovery of cell UV-survival and
UV-induced plasmid mutagenesis,
despite efficient CPD photorepair
[13]. XPA cell lines expressing
CPD- or 6-4PP-photolyase
recovered UV survival to levels
similar to NER-proficient cells only
when both lesions were
photorepaired [14]. So in cells
deficient in repair, 6-4PPs may
make an important contribution fo
the damaging effects of UV
irradiation.
Studies with UV-irradiated
plasmids photorepaired in vitro,
prior to transfection of human
cells, were also informative.
Removal of either CPDs or 6-4PPs
by the respective photolyase led
to mutation reduction in XPA
cells, confirming that both lesions
are premutagenic, if unrepaired
[15]. In transfected CS cells, by
contrast, CPD photorepair was
sufficient to completely recover
plasmid survival and mutagenesis
of UV-irradiated plasmids [16]. 
Similar mutagenesis results
were observed for TTD cells [17],
which were shown to efficiently
repair 6-4PPs, but present
reduced CPD repair [18]. Unlike
those with XP, CS and TTD
patients do not normally develop
cancer, so these results led to the
suggestion that increased skin
carcinogenesis of XP patients
may be caused by unrepaired
non-CPD photoproducts, while
fast repair of 6-4PPs might
account for the absence of cancer
in CS and TTD patients [16–18]
(Figure 2).
DNA-Repair-Defective Mice
Several differences between man
and mouse counsel caution when
extrapolating data from
photolyase mouse studies. For
example, CPD repair in mice is
restricted to transcriptionally
active genes, whereas the
epidermis of human skin is much
thicker, so that sunlight needs to
cross more cell layers before
reaching basal keratinocytes.
These differences may help to
explain why CS and TTD knockout
mice are cancer prone. However,
topical application of CPD-
photolyase within liposomes in
human skin gives protection from
UVB deleterious effects, reducing
immunosuppression as well as
erythema and sunburn-cell
formation [19]. The enzymatic
correction of CPDs may be
sufficient to prevent UVB-harm in
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Figure 2. Possible biological consequences of CPDs and 6-4PPs.
Green boxes indicate the main conclusions described in Figure 1, while red boxes
suggest both lesions trigger skin cancer in XP patients [16–18], but this remains an
unsolved question.
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man, confirming the mouse
data [1]. 
The work with photolyase mice
may therefore pave the way to our
understanding of the actual
causes of skin cancer in human
populations. Combinations of
photolyase mice lacking DNA
repair — XP, CS or TTD mice —
will soon be available and will help
to unravel the complex, but
exciting, open questions on the
relationship of DNA damage and
tumorigenesis. They will also help
to answer the precise implications
of UVB on sunlight effects, thus
discriminating the genotoxicity of
solar UVA irradiation, which is
thought to act mainly through
oxidative damage [20]. These
studies will certainly be a careful
alert to those people who still
think of tanned skin as a healthy
sign.
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MicroRNAs (miRNAs) are small
RNA guides that repress the
expression of their target genes.
miRNAs generally have their own
genes, distinct from the targets
they regulate, but occasionally
they cohabit with the introns or
untranslated regions of genes that
encode proteins. Human cells
produce hundreds of distinct
miRNAs, each of which is believed
to act via the RNA silencing
pathway to regulate mRNA
stability or translation, or
chromatin structure, much as
small interfering RNAs do in the
RNAi pathway. Regulation of gene
expression by miRNAs has been
proposed to be combinatorial,
with different miRNAs acting
together on a gene to tune its
precise level of expression during
development and in response to
environmental stimuli. Ambros
and colleagues [1] discovered the
first miRNA in 1993, but miRNAs
were not recognized as a new and
extensive class of regulatory
molecules until 2001. Hence there
is great interest in how miRNAs
are transcribed and processed to
their mature form, how they
function, and why they evolved.
miRNAs are transcribed by RNA
polymerase II as primary miRNAs
MicroRNA Biogenesis: Drosha
Can’t Cut It without a Partner
The ribonuclease Drosha requires a dedicated double-stranded RNA
binding protein to convert long, nuclear primary microRNA transcripts
into shorter pre-microRNA stem–loops, the cytoplasmic precursors
from which mature microRNAs are ultimately excised.
